I6 194622, I969.-Thermocouples were implanted chronically in the fetal brain and maternal aorta respectively of 1 I pregnant Dorset and Columbian ewes, at stages between the 122nd and 139th days of gestation. In six apparently unstressed ewes, with good appetites, that carried fetuses seen dr felt to move actively in utero and found to be alive at delivery, the fetal brain temperature was 0.4-0.8 C higher than the maternal blood. This temperature difference increased in some animals shortly before they delivered, The fetal brain temperature remained higher than that of the maternal blood during a fever induced by the injection of a pyrogen into the ewe. Death of the fetus in utero, judged by the absence of fetal activity and established by its subsequent delivery dead, appeared to be correlated with a change in the record of the temperature difference which included its reversal during normal oscillations in the temperature of the maternal blood, pregnancy; maternal blood temperature ALL THOSE WHO have estimated the oxygen consumption (ml/kg per min) of the fetal lamb, or kid, after its delivery by cesarean section with the umbilical circulation intact (2, 7-10, 15, 16) have reported rates that are significantly lower than those of the newborn lamb or kid (8, 1 I, 13, 15) Their results form the basis for the widely held view that the oxygen consumption of the fetus is low in utero-although that inference has been brought into question recently (12, 20) -and that the transition from the fetal state to that of the neonate, by natural birth or by cesarean section at term, is associated with a marked rise in oxygen consumption.
To explain this sharp rise in the oxygen consumption thought to occur at birth, the suggestion has been advanced (5, 6, 14, 17, 21 ) that the fetus has "no need" to produce heat to maintain its body temperature in utero for there it is '<warmed" by the mother and has '<no surface" through which to lose heat whereas after birth it does. Yet it is a matter of common experience that the uterus of the '<near-term" ewe, or doe, appears to be warmer to the hand introduced into the abdomen at laparotomy than the other viscera, and one gains the impression from this experience that the fetus is Iosing heat to the mother rather than being warmed by her. The studies described here were carried out to test that possibility.
METHODS
Food, but not water, was withheld from each of the II Dorset and Columbian ewes 2 or 3 days before surgery. Nine ewes received 100-250 mg of progesterone (Proluton, Schering) in oil each day for l-3 days prior to the operation. To test the value of the treatment, it was withheld from two. The two untreated ewes aborted. Six living lambs were delivered either vaginally or by cesarean section from the nine ewes that were treated.
Our The abdomen was then opened by a midline incision, the fetal head located and with a minimum of manipulation shifted into the distal part of the uterine horn where it could be held firmly by gripping it within the uterine muscle. Prior to incising the uterine wall over the dorsal surface of the head, that area was infiltrated with 1 ml of progesterone in oil (Proluton, 50 mg/ml) and encircled by fine silk sutures which passed through the uterine wall and the fetal membranes.
These structures and the scalp were separated by an incision that extended from the forehead to the occiput. The edges of the wound were retracted and the periosteum on the skull elevated over an area about 2.5 cm in diameter caudal to the bregma and bisected by the midline.
The procedure for implanting the thermojunction in the fetal brain (its reference junction was one of the two threaded into the aorta) was essentially the same as that used on rats (1). Lead wires, l-2 cm in length, were held firmly by means of dental acrylic over stainless steel screws in the skull (Fig. 1) . The skin over the acrylic was closed with heavy silk and the wound in the uterus was closed with fine silk sutures that passed through all the tissue layers. As the uterine wound was closed, the head was allowed to move from underneath it, and 30-45 cm of the wire were left free within the amniotic cavity.
The leads from the thermocouples in the aorta and in the fetal brain were brought su bcutaneously through a stab wound on the flank and protected there by a cloth pouch supported by stainless steel pins through the skin. Each ewe received 400,000-600,000 units of a penicillinstreptomycin preparation daily and progressively smaller amounts of progesterone for 4 days postoperatively beginning with 125 mg and ending with 25-50 mg/day.
Postoperatively, the sheep were kept in a stall in the laboratory where the ambient temperature, though not controlled, was within the comfortable range for the observers. The temperatures in the maternal aorta and the fetal brain were recorded almost continuously beginning usually within an hour after the operation until the ewe went into labor. From three animals, the fetal and maternal temperatures were recorded continuously for some time before, during, and after a fever induced by intravenous injection into the mother of 30 pg of Pseudomonas polysaccharide (Piromen, Pitman-Moore). Three of the lambs were delivered by cesarean section; three were born naturally with the thermocouples attached.
In two cases, the leads broke off in the birth process, but the thermocouples always remained firmly fixed in the head. The viable lambs and their mothers were observed for 3 or 4 days post partum in an effort to identify any after effects of the implantation, but none were observed. They were killed by an intracardiac injection of KC1 and weighed. The head was perfused via the carotid arteries with isotonic saline followed bv 10 % formalin before it was removed and placed in a coitainer of fresh 10 % formalin.
Several days later, the brain was removed and the position of the tip of the determined by gross section. in a 3 inch x 3 inch cylindrical aluminum slug suspended in the water bath. Next, one thermojunction of each thermocouple was removed from the bath and placed in the Therm& flask containin .g ice and water, Before and after the series of experiments described in this paper, the thermocouples from an identical batch of wire were tested at intervals of 5 C over a range of 20-45 C. With our system, we were able consistently to record temperatures with an accuracy of EtO.05 c.
RESULTS

Thermocouples
were successfully implanted in the fetal brain and the maternal aorta respectively in six ewes that were within 3 weeks of ?erm," and records of the difference in temperature between these points were obtained over periods that ranged between 2 and 10 days before the fetus was delivered alive either by cesarean section or vaginally.
In each case, the temperature of the fetal brain was, on the average, 0.4-0.8 C higher than the blood in the maternal aorta. In three cases, the difference was slightly higher in the hour just prior to delivery. Three of the fetuses were delivered vaginally; three were delivered by cesarean section after labor had started.
Typical records of the temperature in the maternal aorta and of the difference in temperature between the fetal brain and maternal blood are presented in Fig. 2 . The record was made on the 7th day after the implantation of the thermocouples. Fetal brain temperatures in 5-min averages were calculated from the recorded temperatures. The small variations of 0.1-0.2 C in the temperature difference appear to reflect oscillations in the temperature of the aortic blood, for the same oscillations can be seen in the record from the thermocouple that monitored the absolute temperature of the maternal blood. The effect of a single intravenous injection of a pyrogen on the temperature difference between the fetal brain and the maternal aorta is illustrated in Fig. 3 . The maternal temperature began to increase quite abruptly about 45 min after the injection and was accompanied at times by noticeable shivering. The fetal brain temperature also rose after a short delay and it was always higher than that of the aortic blood of the ewe. Similar results were obtained in one other ewe following the administration of the pyrogen. These records differ significantly from those obtained in sheep in which the fetus was judged to be dead from the condition of the ewe, the absence of spontaneous fetal rnovements, or movements in response to palpation and the subsequent delivery of a dead fetus. In sheep 635 (Fig. 4) , when the maternal temperature reached 43 C. At that time, the temperature difference underwent many changes, inthe ewe was in considerable distress. We suspect, though we cluding reversals, during normal oscillations in maternal do not know, that the death of the fetus occurred at about blood temperature.
the time the temperature difference reversed. Rupture of the fetal membranes of one sheep was followed some hours later by a rise in her blood temperature, presumably as the result of an infection,
Here again the temperature of the fetal brain rose at the same rate as that of the maternal blood and remained higher. When the fetal brain temperature had risen to 41.4 C, it continued rising but at a much slower rate. The original temperature difference became less, and after 1 hr the difference became negative.
A dead fetus was delivered by cesarean section
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DISCUSSION
The results presented above demonstrate that the nearterm fetal lamb in uteroas judged by the temperature of its brainis 0.4-0.8 C warmer than the blood in the maternal aorta. We have inferred from these results that in "steady-state" conditions the fetus is continuously losing heat to the maternal blood and that the fetus in utero is not, as has been suggested (5, 6, 14, 17, Zl), "warmed" by the mother.
Our results are in accord with the earlier observations of other workers.
Von Barensprung (23) observed that the temperature of the pelvic cavity in rabbits and dogs that were not pregnant was lower than that of the abdomen; in pregnant animals, to the contrary, the pelvic cavity and the cavity of the uterus were a degree warmer than the cavity of the abdomen.
Hart and Faber (18) thrust thermocouples into freshly killed rabbit fetuses and found, after 25 days of gestation, that the fetal temperatures were higher than those of the mother.
These authors, however, cautioned against extrapolating their results to other species. Temperature differences, they said, would depend, among other things, on fetal size, insulation and metabolic rate, and umbilical blood flow. Our results are also in agreement with those of Alexeeff (4), as well as the more recent observations of Adamsons (3), Wood and Beard (22) , and Mann (19) , all of whom found the temperature of the human fetus at delivery to be higher than that of the maternal reference point. Moreover, our data lend support to the view that the temperature difference in those cases was not due solely to the circumstances of labor and birth. 
